Abstract: Bridge structure in life span, in addition to the need to withstand permanent and variable action, there may be large or small under dynamic loading, such as impact, explosion, earthquake etc. In order to get the real response of the structure under dynamic load, based on reasonable dynamic constitutive model, a nonlinear finite element analysis is needed. In this paper, several commonly used models of concrete dynamic constitutive model for ship collision with bridges are introduced: Reinforced concrete damage model (RC damage model), Elastic-Plastic Cap model, HJC model and Elastic model. Then the simulation analysis of two impact tests of rigid beads strike the target concrete walls and hammer strike the RC beams are carried out by using the analysis software LS-DYNA for nonlinear dynamic analysis. In the analysis, the influence of the various dynamic constitutive models on the impact structure is compared, and the calculated dynamic impact force-time curve and displacement-time curve are compared with the experimental data. It is found that the RC damage model can better simulate the change of concrete damage, and can simulate the development of structural cracks more realistic, and can consider the influence of reinforcement ratio on the impact force. Based on this, a multi parameter sensitivity analysis is made on the RC damage constitutive relationship, and the practical formula of the impact force is put forward. Research shows that the maximum impact force increases with the increase of the ratio of reinforcement, and the impact of the ship bridge collision analysis should be considered.
INTRODUCTION
The constitutive relation of concrete is a mathematical expression to describe the relationship and the law of motion of concrete materials between and in force of the internal time and space structure, deformation and temperature, time and space. But the most concrete constitutive relation study is limited to static loads, without considering the time factor and the strain rate, that is, consider studying dynamic load. In daily use, the concrete will subjected to a lot of dynamic loads, including earthquakes, impact, explosion and ejection etc. Therefore, in-depth study of dynamic constitutive model of concrete has important theoretical significance and practical value. With the development of the finite element program in the analysis of ship-bridge collision, the dynamic constitutive models of concrete are applied to engineering calculation.
This paper is mainly to analyze and compare the mechanical properties of 4 common dynamic constitutive relation of concrete. They are HJC model (CHEN, LIU, 2012) , Elastic-Plastic Cap model (JIANG, HE, 2012) , Elastic model (JIANG, LU, 2005) , RC damage model (Peerlings, Geers, 2001) (WANG, SONG, 2008) , which support in LS-DYNA. Two impact tests of rigid beads strike the target concrete walls and hammer strike the RC beams for simulation analysis are carried out by using the nonlinear analysis software LS-DYNA. It is proved that the mechanical properties of RC damage model can be better simulated under the load such as impact, collision, and projectile etc. The influence of each parameter of the model is analyzed in this paper.
THE BALL COLLISIONS WITH TARGET CONCRETE WALLS

Design of model
In this experiment, the spherical rigid body with the diameter of 20cm and the target concrete walls with the plane size of 100×100cm 2 , are using SOLID164 unit.
The minimum size of the ball and the wall unit are respectively 2cm and 5cm. The target concrete walls with different thickness are hit by rigid ball at different speeds. Each model parameter values are shown in Table 1 , the finite element model shown in Figure 1 . Observed Figure 2 can be found that there are many similar things between the impact force peaks of HJC model and Elastic model, whose maximum value and minimum value of deviation are respectively 16% and 9%. In addition, the impact force peaks of RC model and Cap model are similar. Their maximum value and minimum value of deviation are respectively 9% and 2%. With the increase in the impact speed, the peak value of the impact force for the four models is increased exponentially. Under each condition, according to from large to small smooth sorting the peak values of the impact force are Elastic model, HJC model, RC model, Cap model. It can be seen from the data in Figure 3 and Table 4 that the Elastic model and the HJC model have minor deformation while the RC model and the Cap model have larger deformation. The maximum impact force, displacement and other data of the Elastic model and the HJC model are close to the numerical values. So under the impact load, the mechanical properties of the two models are relatively close, but they cannot well reflect the damage of the structure after impact. In addition, RC damage model and Cap model with similar mechanical properties will produce local plastic deformation, and thus these two models could better reflect the concrete constitutive relation and partial plastic deformation characteristics under the collision.
Impact of thickness on collision effect
In order to study the influence of thickness on the impact results, take the tests of rigid ball collisions target concrete walls with different thickness as an example to analyze. The RC damage model is used for the target walls' material constitutive relation. In the cases, 10cm，15cm，18cm，20cm，25cm，30cm，35cm，40cm， 50cm are selected as the thickness of target walls respectively. As can be seen from Figure 4 and Figure 5 , when the thickness of the target wall is more than 25cm in the tests, the curve of impact force gets basically stable. The relationship between the maximum impact force T and the thickness D that can be obtained by fitting the data, conforms the following formula: The damage degree of concrete target wall is shown in Figure 6 which is calculated in the case of the target wall thickness of 25cm. According to the above analyses, the conclusion as, when the thickness is more than 25cm, the thickness of target walls has little effect on the impact force.
THE HAMMER COLLISIONS WITH REINFORCED CONCRETE BEAM
Design of model
In order to further understand the RC damage constitutive model, this paper has studied on the hammer collisions with reinforced concrete beam experiment which referenced to JiangHua's doctoral dissertation of TongJi University (Jiang, 2010) .
The beam is fixed at both ends and span of 1.4m. Compressive strength of concrete is 40MPa. The hammer head is a hemispherical rigid body with a radius of 90mm. The test varies at four different condition levels which respectively by using the hammer fall height of 0.15m, 0.3m, 0.6m, 1.2m, as shown in Table 3 . ANSYS finite element model is shown in Figure 7 . 
Impact of falling height on collision effect
Based on RC damage model and Cap model under the four different cases, the impact force and displacement are calculated by LS-DYNA. It can be found that the RC model has a greater stiffness. When the concrete of impact point is damaged by the high speed impact, based on the principle of damage dissipative energy, the impact force peak of RC model is smaller than that of Cap model. Finite element simulations for damage process and actual damage conditions of each case are shown in Figure 8 . As indicated in figure of damage distribution of the impact test and simulation, it is very easy to find that the Cap model reflects part of the concrete cracks, but the degree to reflect the damage of the concrete beam is not high enough. When compared with the Cap model in the damage distribution maps can be found that the RC model is more accurate to simulate concrete damage and the development of crack. In addition, with greater impact speed comes greater damage degree of the beam in impacting sites. The damage of concrete in RC model is more severe under impact load, and the impact point of concrete has been completely destroyed. So for the simulation of impact test, the RC damage model is more reasonable.
Impact of reinforcement ratio on collision effect
In order to study the impact of reinforcement ratio on collision effect, the yield strength of steel and the concrete strength in the test are maintained a constant value and reinforcement ratio varies from 0.1% to 20%. Observed Figure 9 can be found that when reinforcement ratio varies from 0.1% to 20%, the maximum impact force was building by the reinforcement ratio, while the displacement of the beam is just the opposite. Besides, when the reinforcement ratio is 0.1% to 2.5%, the maximum impact force violently increase with the increase of reinforcement ratio. When the reinforcement ratio is 2.5% to 7.5%, the increasing extent of maximum impact force is very small and the growth rate is slow. When the reinforcement ratio is 7.5% to 20%, the increasing extent of maximum impact force is almost a straight line and the growth rate is smoothly. It is also worth noting that the reinforcement ratio from 2.5% to 7.5% is the optimal reinforcement ratio in which the minimum increasing extent of maximum impact force exists.
CONCLUSIONS
(1) Through the tests, we found that the bigger the impacting velocity, the greater the maximum impact force.
